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Abstract
The aim of this paper was to assess the microbiological contamination levels of indoor air in two housing
systems for laying hens, enriched cages and noncage (deep litter) systems. The correlation of airborne bacteria and
fungi with the environmental parameters (temperature, relative humidity, air flow velocity) was investigated. The
number of bacteria (mesophile, staphylococci, streptococci and gram-negatives) and fungi was determined in 10 farms
through specific methods. The results were statistically processed by using the SPSS software, version 17. The number
of bacteria and fungi varied in the 10 laying hen houses, ranging from 7.70×104 CFU/m3 to 4.80×106 CFU/m3 for the
total number of mesophilic bacteria, from 1.99×104 CFU/m3 to 3.11×106 CFU/m3 for staphylococci, from 1.26×104
CFU/m3 to 8.94×105CFU/m3 for streptococci, from 1.09×103 CFU/m3 to 9.65×104CFU/m3 for gram-negatives and from
3.31×103 CFU/m3 to 9.06×104 CFU/m3 for fungi. The numbers of bacteria and fungi were significantly higher (P <
0.001) in farms with noncage systems. The proportions of groups with hygienic significance within the total mesophilic
bacteria numbers were within the admitted limits in all of the farms, with the exception of staphylococci, which slightly
exceeded the recommended values in the noncage system. Significant correlations (P < 0.001) were found between the
concentrations of the bacteria and fungi and the temperature and relative humidity of the air. The results of this
comparative study show a high level of airborne microbial contamination in laying hen farms with noncage systems.
Keywords: laying hens, noncage system, enriched cage system, bacteria, fungi.
1. Introduction
The housing system plays a critical role in the
welfare of laying hens, and various systems have
been implemented throughout the world. Benefits
vary for different housing schemes. Important
considerations for welfare include air quality. The
air in poultry houses is usually heavily contaminated
by large quantities of dust particles, bacteria, fungi,
toxic gases and odors [3, 14, 21].
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Significant quantities of these compounds are
emitted in environments where the health of nearby
residents can be harmed by regular exposure and
where the small particles can contribute to
atmospheric pollution and global dimming [10, 19,
26]. Poor air quality, particularly related to
accumulation of bacteria, can have a significantly
negative effect on production performance and
animal health [11, 13]. Airborne microorganisms
may cause various negative effects, especially
infectious, allergenic and immunotoxic diseases.
Fungal conidia present in the air contain extremely
high amounts of mycotoxins. In addition, the
number of airborne microorganisms in laying hen
houses may pose a higher risk of horizontal eggshell
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contamination as well as contamination of the egg
content [4, 17].
For poultry workers, the main health risk is
most likely posed by biological aerosols.
Bioaerosols in poultry houses contain particles
released chiefly from settled dust, which originates
from food, manure, litter, feather fragments and
animal skin, as well as microorganisms (bacteria,
fungi, viruses), their bioproducts and fragments [12,
18]. Numerous studies have shown that poultry
workers are usually exposed to high concentrations
of airborne microorganisms that often exceed the
level of 106 CFU/m3 [1, 21, 22].
The concentration and kind of
microorganisms in the indoor air depends on
different factors such as the type of the housing
system, the number of animals, the type of
ventilation systems and microclimatic conditions
(temperature, humidity, concentration of gases,
lighting or dust concentration) [9]. Improper
management and hygienic conditions can constitute
causes of considerable microbial air pollution.
To estimate the health risks of microbiological
air contamination it is necessary to asses the number
of bacteria and fungi, including potentially
pathogenic strains.
The aim of this study was to assess the
microbiological contamination levels of indoor air
in two housing systems for laying hens, enriched
cages and noncage (deep litter) system.
Furthermore, the correlation of airborne bacteria and
fungi with the environmental parameters
(temperature, relative humidity, air flow velocity)
was investigated.
2.Matrial and Method
Data were measured on 10 selected
commercial laying hen farms, 5 farms with battery
cage systems and 5 farms with noncage systems
(deep litter). The battery cage systems were
enriched cages with perches, litter and laying nest.
At least 750 cm2 of cage floor was available per hen
in this system. All farms were mechanically
ventilated. In the deep litter system at least one third
of the floor surface was covered with litter and the
remaining part consisted of slatted floor and nest
boxes. All houses had automated feeding, water and
egg collection equipments and provided nest boxes
for the hens to use during oviposition. Two houses
were mechanically ventilated and three were
naturally ventilated. Seven to nine hens were housed
per square meter. Enriched cage systems housed
about 17 000 laying hens and deep litter systems
housed about 9000 to 12 500 laying hens of the
Lohman hybrid. At the time of the assessment the
hens were between 54 and 56 weeks old. The farms
were selected based on farm access and availability.
In order to evaluate the microbiological
quality of the air in the studied farms the
concentration of the bacteria (mesophilic bacteria,
staphylococci, streptococci, gram- negatives) and of
the fungi was determined. Air samples were taken
using a MAS-100 air sampler (Merck, Germany)
based on the principle of the Andersen air sampler.
Bacteria and fungi were collected in Petri dishes, on
different standard culture media: Columbia agar for
mesophilic bacteria, Chapmann agar for
staphylococci, Endo agar for gram-negative
bacteria, blood agar for haemolytic bacteria and
Sabouraud agar for fungi.  The air was sampled in a
volume of 1 L because preliminary studies showed
that this quantity was enough for the
microbiological air analysis in poultry houses. The
plates with the usual bacterial nutrient Columbia
agar and with selective culture mediums were then
incubated for 24 h in an incubator, at a working
temperature of 37 C°. The material sampled on
Sabouraud agar was incubated for 5 days at 22 C°.
The grown colonies were calculated by a
mechanical optic colony counter; the results were
corrected using the conversion formula devised by
Feller [8]. The average number of bacteria and fungi
was calculated as colony-forming units in one cubic
metre of air (CFU/m3).
Air temperature, relative humidity and air
flow velocity in the laying hen houses were
measured simultaneously, using a Testo 400 device
(GmbH & Co device).
All parameters were determined in three
different points, in two consecutive days in the
spring. The mean number of all determined
parameters was calculated for each farm.
The obtained data were statistically processed
with the SPSS version 17 software. The descriptive
statistical indicators were calculated (mean, median,
minimum and maximum) for the measured
parameters. The correlation coefficient (Spearman r)
between mesophilic bacteria and fungi and
microclimate parameters (air temperature, relative
humidity, air flow velocity) were also calculated. In
order to compare values the Mann-Whitney Test
was used. The P values less than 0.05 are considered
to be significant.
3.Results and Discussions
The mean values of the airborne bacterial
numbers (mesophilic bacteria, staphylococci,
streptococci, gram- negatives) and fungi in the
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investigated farms are presented in table 1. The total
number of mesophilic bacteria, with the exception
of farm 5 (with enriched cage system), was high,
exceeding the recommended value in Romania by
1.8 – 19.2 times. The levels of microbial
contamination of the air that are acceptable to
animals in indoor facilities have not yet been agreed
upon. However, the recommendation of most of the
authors, applicable in our country as well, is that the
total number of mesophilic bacteria should not
exceed 2.5×105 CFU/m3 in the air of farm animal
houses [5].
In the farms with enriched cage systems the
mean values of the total number of mesophilic
bacteria was 3.88×105 CFU/m3, for staphylococci it
was 1.66×105 CFU/m3, for streptococci  9.54×104
CFU/m3, for gram-negatives 2.85×103 CFU/m3 and
4.09×103 CFU/m3 for fungi. In the farms with
noncage systems higher mean values were recorded
both for bacteria and for fungi: the total number of
mesophilic bacteria was 4.17×106CFU/m3, the value
for staphylococci was 2.25×105 CFU/m3, for
streptococci 8.48×105 CFU/m3 , for gram-negatives
3.82×104 CFU/m3 and 5.19×104 CFU/m3 for fungi.
The number of the airborne mesophilic bacteria was
almost 11 times higher and the number of the fungi
was approximately 13 times higher in the farms with
noncage systems than in those with cage systems.
Table 1. Mean values of airborne bacteria and fungi determined in 10 laying hen farms
Farm Mesophilic bacteria(CFU/m3 )
Staphylococci
(CFU/m3 )
Streptococci
(CFU/m3 )
Gram- negatives
(CFU/m3 )
Fungi
(CFU/m3 )
1 4.45×105 1.63×105 1.05×105 2.62×103 3.62×103
2 4.61×105 2.06×105 9.42×104 3.89×103 4.61×103
3 5.09×105 2.03×105 1.31×105 2.51×103 3.87×103
4 4.48×105 2.37×105 1.34×105 4.13×103 5.04×103
5 7.70×104 1.99×104 1.26×104 1.09×103 3.31×103
6 4.23×106 3.11×106 8.30×105 2.43×104 3.59×104
7 4.53×106 2.31×106 8.72×105 3.33×104 4.48×104
8 4.30×106 1.96×106 8.05×105 2.54×104 3.83×104
9 4.80×106 2.74×106 8.37×105 1.15×104 4.99×104
10 2.97×106 9.99×105 8.94×105 9.65×104 9.06×104
Farm 1-5 - Enriched cage systems
Farm 6-10 – Noncage systems
A statistically significant (P < 0.001)
difference was established for median values of
bacteria and fungi in the two different housing
systems of laying hens (Table 2). A higher number
of microorganisms are found in the housing with
deep litter, as well as in other alternative housing,
than in cage housing [24, 28]. The large quantity of
bedding and the free movement of the birds in the
noncage housing systems, especially in the poultry
houses with low ventilation rate, lead to high
concentrations of airborne bacteria and fungi and a
much higher concentration of dust, compared with
the caged housing systems. These findings on air
quality may explain, in part, why hens raised in
litter-based systems generally have more bacterial
diseases than hens in conventional cages [13].
Table 2 Descriptive statistical indicators for the numbers of bacteria and fungi determined in two different
housing systems of laying hens: enriched cage system (n = 5) and noncage system (n = 5)
Enriched cage system (n = 5) Noncage system (n = 5)Parameter Median Maximum Minimum Median Maximum Minimum
Mesophilic bacteria
(CFU/m3) 4.37×10
5 6.45×105 3.84×104 4.34×106* 4.98×106 2.88×106
Staphylococci
(CFU/m3) 1.76×10
5 3.42×105 1.67×104 2.35×106* 3.72×106 7.91×105
Streptococci
(CFU/m3) 1.04×10
5 1.94×105 8.40×103 8.77×105* 9.81×105 6.10×105
Gram-negatives
(CFU/m3) 3.25×10
3 4.90×103 2.62×102 2.27×104* 1.12×105 1.05×104
Fungi (CFU/m3) 4.50×103 6.20×103 2.62×102 4.35×104* 9.93×104 2.29×104
*P < 0.001
POPESCU Silvana et al./ProEnvironment 6(2013) 549 - 555
552
Poultry housing has the highest amount of
pollutants in the air when compared to the housing
of other farm animals. With regard to the number of
microorganisms in the air of a laying hen houses,
various reports can be found in the literature. Thus,
Radon et al. [21] found bacteria from 5.7×105
CFU/m3 to 1.6×109 CFU/m3 and fungi from 1.4×104
CFU/m3 to 1.1×108 CFU/m3 in poultry houses.
Bakutis et al. [1] reports that the mean value of total
bacteria numbers in poultry houses was 4.66×105
CFU/m3 and 1.23×104 CFU/m3 was gram negative.
In a study performed in Sweden, Nimmermark et al.
[20] found total bacteria numbers ranging from 1 to
2,2×107 CFU/m3 in the enriched cage system and
from 8,0 to 9,6×107 CFU/m3 in the free range
system. Saleh et al. [25] examined airborne bacteria
counts in different housing systems for laying hens
producing table eggs. These authors reported
bacterial counts of 2.2×106 CFU/m3 in aviaries, and
0.1×106 CFU/m3 in the enriched cage systems.
Wang et al. [29] measured fungi between 1.8×103
CFU/m3 and 3.0×103 CFU/m3 of air. In our study
the concentration of airborne fungi was higher in the
farms with noncage systems. The increasing
concentrations of fungi in the air indicate the
presence of continuous contamination sources and a
raised risk of mycoses and of allergic conditions,
through the repeated contacts with the fungi. Wet
and humid conditions induce decomposition of raw
organic materials in barns, which provides suitable
conditions for the growth of fungi and consequently
increases the airborne spore load. Some recorded
fungi were earlier reported as allergenic, toxic and
pathogenic for occupational workers as well as
laying hen populations [11]. The various counts of
airborne bacteria and fungi in the laying hens’
houses reported by different researchers can be also
explained by the influence of the devices selected
for air sampling. The microbial load of the air, in
terms of mesophilic bacteria, is influenced by
several factors such as: the numbers of sheltered
animals, the housing system, the bedding materials,
the microclimatic conditions, the dust concentration,
the ventilation level and so on. The large numbers of
bacteria and fungi in laying hen houses affect the
health of the poultry and of the human employees,
representing, in the same time, a polluting factor of
the environment adjacent to the farms [11, 26]. The
poor microbiologic quality of the air in the
investigated laying hen houses is mainly caused by
improper ventilation. Figure 1 presents the
comparative proportion of staphylococci,
streptococci and gram-negatives within the total
number of mesophilic bacteria in the two housing
systems assessed. In the enriched cage system, from
the total number of mesophilic bacteria the
staphylococci represented 42.74%, the streptococcii
24.60%, and the gram negatives 0.73%. In the
noncage system the proportions of groups with
hygienic significance within the total mesophilic
bacteria number were staphylococci 53.37%,
streptococci 20.34% and gram negative bacteria
0.92%. While staphylococci slightly exceeded the
recommended values in noncage systems,
streptococci and gram-negatives were within the
admitted limits in all of the farms.
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Figure 1. The proportions of the staphylococci, streptococci and gram-negative bacteria within the total number of
mesophilic bacteria, in two housing systems for laying hen
The presence of high amounts of potentially
pathogenic staphylococci should be emphasized as a
negative phenomenon. A proper hygienic situation
presumes that staphylococci are less than 50% from
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the total number of mesophilic bacteria, streptococci
and gram-negatives are less than 25% from the total
number of mesophilic bacteria [6].
With regard to the quality of aeromicroflora,
Hartung [10] shows that gram-positive bacteria,
such as staphylococci and streptococci, predominate
in the air of poultry barns and our results support
this finding. It is also asserted that the gram-
negative bacteria isolated from the air of poultry
barns represent a minor proportion of the totality of
germs, between 0.02 and 5.2% [30], as it is evident
in our determinations (Figure 1).
In the assessed farms the temperature varied
from 19.2 C° to 29.0 C°, with a mean value of 22.7
C°; the relative humidity had a mean value of
56.76%, being between 40.20% and 69.80%; and
the mean velocity of the air flow was of 0.34 m/s,
ranging from 0.04 m/s to 0.83 m/s. Recommended
air temperature values for layer houses should be
15-22 C° [7, 14]. Temperatures beyond these limits
significantly decreases laying ability and can even
cause its complete cessation. In laying hen houses
optimal relative humidity should be between 60-
70% [7]. Maintaining relative humidity in this range
is important for airborne microorganism control,
whose survival is almost directly influenced by
humidity [2]. Germs, attached to dust particles in the
air, have the chance to extend their survival period
[23]. In our study the temperature and air flow
velocity had, generally, optimal values, while the
humidity presented slightly lower values. In case of
low relative humidity, dust increases, and in
addition to this, respiratory diseases are present in
the poultry [11]. The effect of humidity is closely
related to air temperature. With high humidity and
low temperature, animals release more heat. This
can lead to their cooling, which generates suitable
conditions for disease development. High humidity
and high air temperature can lead to difficult heat
release since the conductivity of air is reduced. This
can result in disturbance of thermoregulation and
possible overheating of the animals.
The relationship between bacteria and fungi
and environmental microclimate factors
(temperature, relative humidity and air flow
velocity) are shown in table 3. Air temperature was
significantly (P< 0.001) negatively correlated with
the number of bacteria and fungi, while relative
humidity had a positive correlation (P< 0.001) with
the number of bacteria and fungi. No significant
correlations were found between the concentration
of the bacteria and fungi and the air flow velocity.
Similar correlations were reported by Matković et
al. [16] in a recent study in Croatia.
The relationship between air humidity and
bacteria and fungi was signaled in the literature [15,
27]. The bacteria need humidity to remain viable
and to be carried by the air. When humidity
decreases from 90% to 80% the airborne diseases
are reduced with 50%; the best values for the
destruction of the pathogens are between 50-70%.
Normally, a level of 60%, when the humidity is
correlated with the ventilation, is sufficient to ensure
the control of the microbes [11].
Table 3. Spearman’s r correlation coefficients (P value) for microclimate parameters with mesophilic
bacteria and fungi in laying hens houses
Correlated parameters Mesophilic bacteria (CFU/m3) Fungi (CFU/m3 )
Temperature  (C°) -0.51 (< 0.001) -0.34 (< 0.001)
Relative humidity (%) 0.53 (< 0.001) 0.64 (< 0.001)
Air flow velocity (m/s) -0.20 (0.12) -0.30 (0.02)
4.Conclusions
The results of this study show a high level
of microbiological contamination of the air in the
farms for laying hens with noncage housing.
Increased ventilation, alongside with other hygiene
measures in the investigated farms would
significantly contribute to the improvement of the
indoor air microbiological quality.
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